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ABSTRACT
This research project was directed to characterize the variables that govern
the black and white reproduction process in a desktop publishing enviroment
(DTP), which in this case is formed by: a Macintosh II computer, a Mycrotek
300A scanner as the inputing device and a LaserWriter as the outputting
device.
The specific goal of this research was to find the ideal settings of cell size
and resolution for each type of black and white photographic image that
would produce the best reproduction possible from the system.
Two different experiments were performed, the first one using a gray scale
and a resolution target as originals, showed the influence of the variables
over the tone reproduction curve and the resolution of the system. The second
test used three different images as originals, and their corresponding
reproductions were rated by a selected group of judges, using the pair
comparison technology for the evaluation.
In addition to obtaining the best settings for each image, an analysis of the
application of information theory to image evaluation was performed. The
results found that the actual mathematical model needs to incorporate other
factors such as the visual response of a human observer, to be considered as a
valuable tool for quality assesment of a reproduction system.
CHAPTER I
INTRODUCTION
The research study presented here is involved in a desktop publishing (DTP)
environment.
Desktop publishing can be called the revolution of printing in the 80's 1 It
has unveiled the secrets of typographers, and put them in reach of anyone
interested in creating a typeset original. The Seybold Report calls the DTP
phenomenon the "democratization" of the publishing business 2 ; anyway, DTP
has desmistified such complicated and expensive operations as typesetting,
page make-up and reproduction photography.3
However, as a new technology, it is not perfect. There are limitations in
reaching the quality levels obtained in the conventional operations, but
there is no reason to believe that these difficulties will not be solved, so that
traditional standards in quality will be reached and maybe surpassed in the
future.
In the process of improvement, it is important to define where we are now
and how far away the goals to achieve good reproductions are.
This thesis is directed to characterize, using descriptive and
mathematical tools, the quality of the reproductions of photographic black
and white originals when a specific DTP system is used, and to identify what
the influence of the variables is that govern this process. The results from
this study will allow the users of the DTP system selected (Mac Intosh) to
manipulate the variables of the operation in a more predictable manner
according to the nature of the original.
In the following chapters we will see:
-A description of what DTP is, emphasizing the area of image capturing.
-A brief presentation of the theory underlying the halftone conversion
process and some means to evaluate the quality of reproduction.
-A review of some works made on the image quality field which will
provide a base to formulate the hypothesis.
-A description of the methodology used in the experiments, as well as the
results obtained from them.
-And finally, an analysis of the results and conclusions are presented.
FOOTNOTES FOR CHAPTER I
1 "The PC desktop publishing has caught fire since 1986: then 4,000
software packages were sold. Estimated sales for 1987 were 53,000 and for
1990 it is expected that sales will reach 300,000 packages"Burns, D. and
Venit, S. "Desktop Publishing Review" PC magazine , Oct. 1987, p. 93.
2 Seybold, J. "An Introduction to Desktop
Publishing" The Seybold Report
on DesktopPublishing , vol 1: p. 93
3 "As laser printing and scanning technologies become more sophisticated
and less expensive,more people are finding that itmakes sense to bring
publishing to their own
desktop." Burns, D. and Venit, S. Ibid.
CHAPTER n
DEFINITION OF TERMS
What is desktop publishing?
The term "desktop publishing" was first proposed by Paul Brainerd
(Aldus Corp.) in January of 1985 to describe " the preparation of documents
where all text composition, page make-up, manipulation of digitized
graphics and integration of texts and graphics are performed in desktop
computers"1.
From the viewpoint of the hardware required 2, a DTP system is composed
of at least the following basic elements :
-General purpose computer
-Input devices (keyboard, mouse, scanner)
-WYSIWYG (what-you-see-is-what-you-get) screen monitor, and
-Output devices (laser printer or typesetter)
COMPUTERS
As a minimum requirement a personal computer with amemory capacity of at
least 512 kilobytes is needed (some authors prefer to draw the lower limit at
640 kbytes 3 but there are now scanners workingwith 512 kilobytes systems)4 .
MONITORS
One of the keys in DTP is WYSIWYG. It is absolutely necessary to see on the
screen the closest representation of the final output. The standard size in the
market today is the
12"
monitor which can only show a third of an
8.5"xll"
page in a 100% view, though some vendors are offering larger monitors (19")
that allow the display of two pages on the screen at once
OUTPUT DEVICES
Themost common output device used in DTP is the laser printer. As amatter
of fact, the development of this device was what virtually gave birth to the
desktop publishing market. Historically speaking, the first laser printer
device was developed by Hewlett Packard for IBM PC's, but the real
revolution came with the advent of the LaserWriter from Apple which,
coupled with theMacintosh computer, became the standard of DTP around
the world (300 dots per inch of resolution).6-7
Today, due to the ability of some page description languages to handle
graphics, as well as a library of typographic fonts, virtually independent of
the output device, we are able to obtain higher resolutions using typesetting
machines to output, such as the Linotron series L100, L300 and L500 (6)-
SOFTWARE
OUTPUT DEVICE
FIG. 1 Schematic diagram of a DTP system
a-
CompensatorLens
Focusing lens
Semiconductor Laser
PolygonalMirror
Pbotosenslttit Drum
FIG. 2 a. A Laser Writer cut-away view
b. The icon used for Laser Writer.
SCANNERS
Electronic scanners in DTP are devices that convert image information in
analog form to digital form through a digitization process.
There are two basic categories: character and image scanners.
Character scanners. Known as OCR (optical character recognition) devices,
these convert alphanumeric information on typewritten or typeset documents
into electronic ASCII (American Standard Code for Interchange of
Information) codes. In this case the machine interprets the characters and
generates a string of codes identical to those produced if an operator had
keyboarded the page.
Image scanners. These transform images into a computer file. The image is
interpreted as a matrix of small cells. Each of them receives a quantitized
value, according to the originals density, which characterizes its gray level.
Once the tonal information has been digitized, it can be handled as a data
file for further operations such as reformatting, editing, copying, merging
with other files, or printing in a digital imaging apparatus.
There are three types of image scanners, depending on the type of original
they are able to handle: line art, halftone and full color.
Up until now, in DTP we have only dealt with line art and halftone
types. For the purpose of this study, halftone scanners will be described here
in more detail.
Halftone scanners are made in three different ways according to how they
capture the image:
Camera scanners. These allow digitization of three dimensional objects, their
resolution is variable and also offer infinite sizing capabilities by changing
the object to camera distance.
FIG. 3 A camera scanner scheme
Plat-bed scanners. These basically use the principle of the photocopier
machines; the original remains stationary during the scanning operation and
the image sensing devicemoves under it.
Generally these scanners are of the single beam type and must use special
correcting optics to compensate for the distortion obtained when the laser
beam reaches the edges of the copy.
FIG .4 A flat-bed scanner cut away view
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These are also slower in their operation because the beam must scan the
original pixel by pixel. 10
Sheet-fed scanners. In this case the original travels under the sensing devices,
so the original must conform to the restrictions imposed by the feeder, which
limits the scanning operation to single, unbound and small originals.
As sensing devices they usually use either a row of solid state charged-
coupled devices (CCD) or photodiodes, positioned across the entire width of
the original. As the beam of white light illuminates the whole line, each
element registers the light intensity and sends accordingly an electronic
signal/ which is interpreted by the computer.
Sheet-fed scanners are faster than flat-bed scanners since all CCD work in
parallel. They are also much simpler to build because only the original moves
under the CCD array.12
FIG. 5 A sheet-fed scanner attached to a Macintosh 13.
RESOLUTION.
Resolution is defined as the ability of a reproduction system to render a
visible edge detail of the copy. Quantitatively resolution is expressed in
terms of the number of elements resolved per unit of length ( lines/inch,
dots/inch, spots/inch, pixels/inch, etc.), and can be established through the
use of special targets 14.
FOOTNOTES FOR CHAPTER II
1 Although under the term "desktop computers" larger engineering
workstations (like Sun Microsystems, Apollo, Unix) are also included , in this
study itsmeaning will be restricted to personal computers.
2A very good description of softwares for DTP can be found in : Burns D.,
Venit S. "Desktop Publishing Review" PC Magazine (October 1987): p. 93
3 Makuta, D. "An Introduction to Desktop Publishing" GATF Teachers's
Institute, August 1987.
4 But, a 512K Mac can only handle about 25 square inch images, generally
DTP scanners require at least one megabyte to capture a half page graphic
efectively at 300 dots per inch.
5 Burns D., Venit S. "Desktop Publishing Outfitting Your System"
PC Magazine (October 1987)
6 "Backends (output devices) can be categorized with the 10% rule of
thumb: take the resolution of the output device and divide by 10, this will
give you themaximum halftone screen that can be output. A 300 dot per inch
printer can output a 30 line screen, for instance; to output a 133 line screen one
needs at least 1330 dots per inch". Romano F. "Raiders of the Lost Art:
Graphics and Electronics" Electronic Printing and Publishing (Aug/Sept 1987)
7 'The Laser Writer creates images by shooting a pinpoint stream of light
pulses trough a system ofmirrors and lenses onto the surface of a rotating drum
covered with a photoconductor material; wherever a light pulse strikes the
drum a charge differential is created on the photoconductor which makes
possible the attraction of the very fine powder. The toner is then fused to the
paper by a combination of heat and
pressure."Laser Review,MacWorld (Feb
1985), p. 79.
8 Esteverena, R. "Image Capture and Management: Today's Perspective"
Directions in Digital Image Conference.
9 The L100 produces a resolution of 1270 lines/inch , the L300 can provide
images at 635, 1270 or 2540 lines/inch. The L500 offers resolutions of 422, 845
and 1690 lines /inch. Jatz R. "Step up to Linotronic Typesetting
" Publish
(March 1987), p. 65-69.
10 Anon. "Scanners
explained"The Desktop, 16, vol 2, p. 8.
11 "As an example, the Eikonix scanner uses an array of 4096 photosensitive
elements to sense at the same time Bresmick E., "Resolution, gray scale and
color for corporate publishing images
" Electronic Printing Systems, Directions
in Digital Imaging Conference Proceedings 1986, p. 95, 105.
12 Stivison D. "Skimming
Scanners" The Typographer (Sept /Oct 1987).
13 Kleper M. "The Illustrated Handbook of Desktop Publishing and
Typesetting", Cheatle, S. ed, p. 501.
14 Graphic Arts Research Center, "Instruction for the Use of the RIT 8x8
Alphanumeric Resolution Test Object."
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CHAPTERm
THEORY
SCANNING
It has been mentioned that themain issue in electronic scanning is to convert
continuous tone information with varying shades of gray to a sort of on-off
image compatible with the nature of printing (ink or no ink).
This is accomplished by a halftone pattern, which viewed from a
distance appears as the original continuous tone picture.
It is well known that two main variables that influence the quality of a
reproduction are resolution (number of dots per distance unit) and the number
of gray levels in the reproduction (the tonal possibilities that the system can
differentiate).
Using conventional halftone techniques, dots of different sizes are used to
represent halftones, but when digital scanning is used all the dots are equal in
size. To overcome the problem of different sizes, the dots are grouped in cells1
(or grains), their size determining the resolution and the range of gray levels
possible.
D=.50 /D.I2 D.50 D-.I2
FIG. 6 Comparison of a constant-dot size halftone (a) with a conventional halftone (b)
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In the case of graphic arts scanners, which have a wide memory capacity,
the requirements of the two basic variables to obtain a good quality of image
reproduction are fulfilled without major problems, but when dealing with
DTP scanners which have a limited memory capacity 3 the trade-off between
them becomes a determinant issue : if higher resolutions, then fewer gray
level possibilities (see fig. 7 below).
4v100
gray
levels
screen size
FIG. 7 Graphical relationship between gray levels and the screen size 4
Besides the memory limitation of the input device it is also necessary to
consider the capabilities of the output printer; as an example, a LaserWriter
which has a maximum resolution of 300 dpi limits the reproduction to what is
called a visible "texture image", where a pattern in the image can be
distinguished (see fig. 8).
When making reproductions with a DTP system it is necessary to
experiment with the number of gray levels and contrast in order to obtain a
reasonable reproduction of the original. This can become a "trial and error"
process because the user doesn't know in which direction he/she has tomove
what to improve the quality of the reproduction.
12
00T8/PIXEL
FIG 8. Human threshold to resolve a dot texture, as a function of the cell
size.5
A single 300 dpi spot
DDDIDIIDII
DDDDIDIIII
A 2 x 2 halftone matrix producing 5 levels of gray
odd nan ana nan?? bob?>m\
DDD DBD DBD DBD DBD DBO DBD DBD Dl
DDD DDD BDD BDB BOB BDB BBB 111 Bl
A 3 x 3 halftone matrix producing 10 levels of gray
???? DDDD ???? ???? DDDD DDDB
DDDD DDBD DDBD DDBD DBBD DBBD
???? DDDD DBDD DBBD DBBD DBBD
DDDD DDDD DDDD DDDD DDDD DDDD
DDDB BDDB BDDB BOOB BDDB BDDB
DBBD DBBD DBBD HID
DBBD DBBD DBBD DBBD DBBD BBBD
DDD BDDD BDDB BDDB BDDB BDDB
IDDI IDDI IDDI IDI
IDDI
A 4 x 4 halftone matrix producing 1 7 levels of gray
FIG. 9 Gray levels possible according to grain size. 6
HOW HALFTONES ARE GENERATED IN ELECTRONIC SCANNING
Halftones by electronic scanning are achieved by means of quantization
7 of
the density values in the continuous tone image, a process that can be
described as follows:
Once the area to be scanned is ready, it is illuminated by a low frequency
light, usually red or yellow neon, the dark areas absorb the light, while the
light areas reflect it .
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It is the reflected light which is focused, collimated and then aimed at
the photodiode array or CCD's.
Variations in the amount of reflected light over the sensing device will
result in an analogue change in an electric circuit. These analogue electrical
variations are converted into digital form. In this conversion process different
numerical values are assigned to black, white and gray areas, depending on
the settings established; and the result is then a digital file which includes a
series of numbers that, properly interpreted, describe the original image.
A simplified flow diagram of the process can be seen on fig. 10.
CCD OR PHOTODIODE
SCANNED PACT
ANALOGUE RESPONSE
SIGNAL
SAMPLE NEXT
CONVERSION TO DICITAL
INFORMATION
L J. -J X
lii
HALFTONE PATTERN OUTPUT TO BUFFER Sampling cell griy level
FIG. 10 Flow diagram of a DTP scanner operation.
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There have been many studies on the filling pattern (the way how the
pixels are disposed in the cell when the gray level changes ^A9,w ) that
could produce a smooth tone reproduction curve avoiding undesirable effects
like posterization or contouring (when progressive changes in gray levels
become "patchy"); examples of two common types of dot patterns are shown
below on fig. 11. In addition to this, to show the influence of the influence of
the filling pattern on the image, two reproductions having the same gray
levels, but different filling patterns can be seen on fig. 12.
ill!
KF Bu PE2I I 1 1 1 Mill IBM
5fli SSb Sj Bi
SBHSIH
FIG. 11 Two common filling patterns in digital imaging . The one on the left (a) is known
as Fatting pattern (closed), whereas the one in the right is known as Bayer pattern
(open).12
15
FIG. 12 Two reproductions of the same image, both with the same gray levels but having
different dot pattern ( a is pattern #1, and b is pattern #3 build into the Versascan software
used in this project to scan the images ).
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INFORMATION CONTENT AND RESOLUTION
A mathematical model for an electronic generated image
Information, a familiar concept in communications is starting to be used as a
tool for evaluation of the quality of reproduced
images.14 Conceptually and
mathematically the measure of information is very similar to the
measurment of entropy, which is defined as the degree of
"disorganization"
of
a system, but carrying opposite signs, as information can be seen as the
measurement of the "organization" of such a system.
In concrete terms, the information content of a message (that could be an
image) is defined as the summation of the products between the probability of
each unit that form the message and the logarithm of the inverse of that
probability. 14
n
1=1 pild(l/pi) [1]
i=l
where n= number of possible stages in a repertoire
pi= probability of appearance of the symbol in the stage i
and, ld=logarithm dualis faase 2)
In the case of a digital image (fig. 13) some relationships between our
basic variables of interest (as resolution and gray level) can be described as
follows:
IB
w
L= Length of the image (inch)
W= Width of the image (inch)
N =Number of pixels in each
side of the basic square cell
A= Addressability
(pixels/ inch)
FIG. 13 Variables in an electronic generated image
17
The information content of equation [1] can be expressed in terms of the
variables described in fig. 13 as follows:
Number of possible gray levels: 2=^+1 [2]
Length of a pixel x=l /A [3]
Length of a cell side 1=N/A [4]
Number of cells in the image =c
Probability of obtaining an specific gray pattern in one cell
pc = l/(N2+l) [5]
As the cells are independent, the overall probability of an image formed by c
different cells is
pi = (l/N2+l)C [6]
Replacing [6] in [1] it the following expression is obtained:
I =Xpildl/(l/NP+l)c CT
now, Id 1/(1/N2+1)C = c [ld(N2+l)] is a constant term,
then it can be extracted from the summation, as follows:
I=c [ld(N2+l)].Ipi [8]
by definition Xpi=l
so, 1= log 1 /(l /N2+l)C =c [ld(N2+l)] [9]
What equation [9] states is the relationship between the information
content of an image and the number of pixels that form a square cell; although
sometimes it is convenient to express this formula in terms of the resolution of
the system R; then c , the number of cells in the image is equal to:
c = x W =(R/N)2LW [10]
N/R N/R
Intuitively when the resolution increases the information that the image
carries increases too; replacing [10] in [9] it can be obtained the mathematical
expression of this relationship 15.
1= [R2 LW logO^+DVN2 [11]
In Fig. 14, page 19, the curve that relates the amount of information and
N, the number of pixels in one side of a square cell (equation [11]) has been
plotted; as well as equation [II] which relates the number of gray levels to N.
It can be noticed that the information amount increases as N decreases;
however, it can also be noticed in the same graph (on the right) that using less
18
pixels per cell less gray levels are possible leading to the contouring problem
mentioned earlier. The values used to plot these curves were obtained
assuming an addressability of 300 dpi (like the LaserWriter), which are
shown in Table 1.
TABLE 1 Information associated with each cell size, as a function of the image's area.
Cell Information (bits)
8x8 (300 LW/64) Id 65 = 28.2 LW
6x6 (300 LW/36) Id 37 = 43.1 LW
5x5 (300 LW/25) Id 27 = 55.7 LW
4x4 (300LW/16)ld 17 = 76.6 LW
2x2 (300LW/4) Id 5 =174 LW
What we can state then, is that there exists a point where the amount of
information that the image carries, is enough to hold the message16, and at
the same timewhere contouring is less noticed.
To reach and characterize this point for different images is the aim of
this thesis, and will be defined in detail in Chapter V.
19
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FOOTNOTES FORCHAPTERm
1 An advantage of the cell arrangement against the traditional halftone is
the obtention of what is called "frequency modulation effect"because there is
no symmetry in dot spacing improving detail and avoiding moire in the
reproduction as indeed happens in "amplitude modulation patterns" or
conventional halftones, see fig. 5.
2 Scheuter, K. and Fischer,M. G. "FrequencyModulated Screen" GATF
Research Report 1985, p. 11-1.
3As an example let us calculatewhat would be the memory usage required
to reproduce at 300 dpi, with 256 gray levels an image having an A4 page
size: 8.5 in x 11 in x (300) dots/in2 x lbyte/dot= 8.4 Megabytes!
4 Spencer, D. "Output technologies and high resolution" The Seybold
Report on Publishing Systems, vol. 16, 11, p. 5.
5 Gur, Y. and O'Donnell F. "Halftoning Using Ink-Jet: Part I: Algorithm of
Discretization" TAGA Proceedings 1985.
6 Kleper, M. "The Illustrated Handbook of Desktop Publishing and
Typesetting" Cheatle, S. (ed.) 1987 p. 504.
7 "The quantization obtainable is a function of the memory capacity
available, if it is wide enough the quantization will provide almost
indistinguishable reproduction from the original."Kleusch, R. Ibid.
8 Hamilton, J. "Optimizing tone production on a 300 spot per inch laser
printer"RIT Thesis, Jan 1988.
9 Kawamura, N. and Kitajima, N. "Halftone Reproduction on a Laser
Beam Printer" Lasers in graphics 1986 p.621.
10 Torpey, P. "Using Pixel Overlap to Obtain more Gray Levels in Halftone
Reproductions" Journal of Imaging Technology , vol.14, 2, April 1988.
11 Kawamura, N. and Kitajima, N. Ibid.
12 Hamilton, J. Ibid.
13 "Themeasurement of information transfer from input to output using
concepts defined in statistical information theiry represents new thinking.
Because printing is primarily an information transfer process, information
based measures become relevant". Oittinen, P. and Saarelma, H. "Definition
of Image Quality
Parameters" Printing & Graphic Arts, 1986, p. 41.
21
14Uhrig, R. "Which Printing Market Sections May Be Threatened By New
Technologies?." TAGA proceedings, 1987, p. 179.
15 Experimentally, this correlation : information= k(resolving power)2
has been proven, for details refer to Riesenfield, J. "Relationships Between
Information and Resolving
Power." Photographic Science and Engineering.
vol. 11, Nov/Dec. 1967 p. 415-418.
16 Bartlesson, C. andWitzel, R. "Source Coding of Image
Information"
Photographic Science and Engineering, vol. 11, July/Aug. 1967 p. 389.
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chapter tv
literature review
Attempts to express quantitatively variables in the reproduction process
began in 1876 when Hurter & Driffield developed today's widely used
D-LogE curve l.
Another big step ahead was made by Jones in 1920 when he described the
first objective evaluation of a photographic reproduction system, what is
known today as the Jones diagram 2.
In 1947 Spencer, using themodel of tone compression,was able to explain
successfully some problems in reproduction 3.
Lately, in 1961 Simmons involved the concept of subjectivity in the
evaluation of the quality of a reproduction, developing an expression which
correlated the subjective qualification of a reproduction and the
mathematical description of its tone reproduction curve 4.
This mathematical approach was continued by Bartleson 5 in 1968, who
used the concept of proportional brightness instead of the traditional density
values.
Four years later, Granger and Cupery developed an optical merit function
called the Subjective Quality Factor which allowed predicting the image
quality of a determined photographic system 6.
Now, with the generation of digital images, the trend in quantification of
the quality of a reproduction system is more related with the amount of
information transfered and held by the reproduced image, a concept based on
the information theory developed by Shanon back in 1948 7>8
Under this concept Bartleson and Witzel demonstrated, in a classical
work9, that a "surprisingly amount of intelligence (message) can be transferred
by coding (grouping or compressing) the original information into a number of
discrete levels" without affecting in a great deal the quality of the
reproduction.
This explains why acceptable reproductions from continuous tone images
can be obtained using reproduction systems with limited capacity as DTP.
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FOOTNOTES FORCHAPTER TV
1 Fergusson/W. 'The Photographic Researches of Ferdinand Hurter and
Vero C. Driffield." Royal Photographic Society, London, 1920, p.5,6.
2 Bartleson, C "Criterion for Tone Reproduction "Journal of Optical
Society of America, vol.58, 7, p. 992.
3 Spencer, D. "Tone Rendering in the Reproduction of Photographs."
Photographic Journal, Section B, 87 B, 1947 p. 94-104.
4 Simmons, J. "A Quantitative Study of the Influence of Tone Reproduction
Factors in Picture Quality." Photographic Science and Engineering, vol 5, 1961
p. 270.
5 Bartleson, C. Ibid.
6 Granger, E. and Cupery K. "An Optical Merit Function (SQF) which
Correlates with Subjective Image Judgements" Photographic Science and
Engineering,, vol 16, May /June 1972 p. 221-230.
7 Oittinen, P. and Saarelma, H. "Application of Information Theory to
Digital Reproduction of Images", Image Science Conference '85. Helsinki
1985. Applied Physics , 149 , p. 60.
8 Shaw, R. "The Application of Fourier Techniques and Information
Theory to the Assesment of Photographic Image Quality", Photographic
Science and Engineering , vol. 6, 5, Sept/Oct 1962 p. 281-286.
9 Bartleson, C. andWitzel, R. "Source Coding of Image
Information"
Photographic Science and Engineering, vol. 11, 4, July/Aug 1967, p. 263-269.
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CHAPTER V
STATEMENT OF THE PROBLEM
At this point it has been explained how a halftone is obtained in an scanning
operation, and what the relationships between variables that influence the
quality of reproduction are.
The nature of the trade-off between information content an gray level has
been shown, which is more critical in the case of DTP systems because of the
low memory associated with them.
To find the optimum reproduction settings in a DTP enviroment becomes a
trial and error process because the amount of interaction between variables is
unknown.
In this regard some research questions can be formulated as follows:
"To obtain the closest rendition of the original, should one emphasize
resolution at the expense of gray level, and to what
extent?."
"Do the settings differ according to the characteristics of the original?".
"What is the effect of contrast on the quality of the
image?."
According to the mathematical model established in the last chapter the
following hypothesis can be formulated :
In a DTP reproduction system where four basic variables determine the
quality of the reproduction (contrast, cell size, resolution and image's type),
for a determined image, there is a range in contrast and N (number of pixels in
a cell side) where the quality of the reproduction is optimum.
The exact value of N in this range for each reproduction will depend on
the specific characteristics of the original and the scene itself.
This hypothesis can be seen in a simplified form in fig. 15, which is
derived from fig. 14, where the optimum range has been differentiated with
dashed lines. Since we are dealing with a three variable function (leaving
the type of image fixed) the range of optimum reproductions will be an area in
a space formed by three orthogonal axis bearing values forN, information
content or resolution, and contrast.
25
I
N
F
0
R
M
A
T
I
O
N
G
R
A
Y
L
E
V
E
L
S
N
FIG. 14a Visualization of the optimum range (for a fixed contrast and a determined image)
In order to establish the range mentioned and consequently accept , or reject
the hypothesis a factorial analysis must be carried out, producing different
reproductions under a variety of settings and originals and evaluating them
through the judgement of a group of people.
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CHAPTERVI
METHODOLOGY
RESOURCES
Macintosh II (with Hard disk of 40 Mbytes CPU and 1Mbyte RAM, available
at NTID)
-Image scanner (Microtek MS 200, 300 or 300A) with serial interface (RC-
232 or RC-422), see especifications in appendix A.
-LaserWriter as ouputting device.
-The paper used for the reproductions was Huron high speed xerographic
paper.
-35 floppy disks, double side, double density (800Kbytes ofmemory) to
store the images, the software that works with the scanner is called
Versascan.
-Three continuous tone originals in two sets each of low, normal and high
key scenes.
- Gray scale
-RIT resolution target.
-Reflection densitometer.
EXPERIMENT DESIGN
In accordance with the hypothesis formulated before, the purpose of the
experimental part was to establish what the settings are in a DTP
reproduction system which applied to a specific type of image produce the
more pleasant reproduction.
The first step was to establish the influence of the contrast on the number
of gray levels and also on the resolution using measurable targets.
Scannings of a gray scale were carried out under three different contrast
settings maintaining fixed cell sizes; after this a resolution target was
scanned with fixed contrast under different cell sizes; a matrix of these
conditions can be seen on chapter VTl.
For the second experimental part, continuous tone imageswere used as
originals and scanned under a variety of conditions which are listed on table
2. A picture illustrating the different menus available when selecting
conditions can be seen in fig. 16.
27
FIG. 15a Facsimile of the low key continuous tone image used for the experiment and referred
to as "GIRL".
28
FIG. 15b Facsimile of the normal key continuous tone image used for the experiment and
referred to as
"MR."
29
FIG. 15c Facsimile of the high key continuous tone image used for the experiment and referred
as to "ROOF".
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FIG. 16 A view of the menus for settings selection when using Versascan.
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Table 2 Matrix ofsettings for the reproductions
IMAGE CONTRAST (%) CELL SIZE
8x8 6x6 5x5 4x4
-24 G 8-24 (Al) G 6-24 (A2) G 5-24 (A3) G 4-24 (A4)
GIRL -16 G 8-16 (Bl) G 6-16 (B2) G 5-16 (B3) G 4-16 (B4)
0 G8-0 (CI) G6-0 (C2) G5-0 (C3) G4-0 (C4)
16 G 8+16 (Dl) G 6+16 (D2) G 5+16 (D3) G 4+16 (D4)
28 G 8+28 (El) G 6+28 (E2) G 5+28 (E3) G 4+28 (E4)
-24 R8-24(A1) R 6-24 (A2) R 5-24 (A3) R 4-24 (A4)
-16 R 8-16 (Bl) R 6-16 (B2) R 5-16 (B3) R 4-16 (B4)
ROOF 0 R8-0 (CI) R6-0 (C2) R5-0 (C3) R4-0 (C4)
16 R 8+16 (Dl) R 6+16 (D2) R 5+16 (D3) R4+16(D4)
28 R 8+28 (El) R 6+28 (E2) R5+28(E3) R 4+28 (E4)
-24 M 8-24 (Al) M 6-24 (A2) M 5-24 (A3) M4-24 (A4)
-16 M8-16(B1) M 6-16 (B2) M 5-16 (B3) M 4-16 (B4)
MR. 0 M8-0 (CI) M6-0 (C2) M5-0 (C3) M 4-0 (C4)
16 M 8+16 (Dl) M6+16(D2) M 5+16 (D3) M 4+16 (D4)
28 M 8+28 (El) M 6+28 (E2) M 5+28 (E3) M 4+28 (E4)
EXPERIMENTAL CONDITIONS.
Variables that influence the reproduction process are separated into
controlled and uncontrolled as follows:
Controlled
Paper (Huron, high speed xerographic paper)
LaserWriter adressability
Image (Low, normal and high key)
Brightness
Contrast
Cell size
Uncontrolled
Noise in the
communication
channel
Internal electrical
interaction within
the toner
A reflection densitometer was used tomeasure the density values of the
originals and the reproductions.
-In all cases the brightness was maintained constant in level #7
-The resolution selected was 300 dots /inch in all the samples.
LIMITATIONS
-As mentioned from the very beginning, this study was carried out in a DTP
environment, which today faces limitations in resolution, gray levels, and dot
sizes.
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SUBJECTIVE EVALUATION:
The reproductions obtained from the experiments were sorted by a group of 12
judges. The evaluation system chosen in this case was the Pair Comparison
Method, since it is reliable and allows to verify easily the consistency of the
judges involved in the evaluation 1-2.
Physically, the samples were mounted in cardboard carriers avoiding any
visual interference of the surroundings with the image; the characteristics of
the image were written in a tag on the reverse side.
Lighting for the evaluation was provided in such a way that all compared
items were viewed under identical conditions 3. To assure an unbiased pah-
comparison, the judges received the samples in random order.
Detailed instructions about the selection process were handed to each judge
prior to the test, he/she was told to evaluate the reproductions of the same
image according to the aesthetic appeal, and give 1 point award to that
reproduction he/she liked the most of the pair, no ties were permitted; with
this information the grading sheet was filled out. In Appendix D, samples of
the instruction letter and the grading sheet can be seen.
It is important to take into account that actually two subjective evaluations
were carried out by each judge: in the first one it was selected the best range of
contrast settings according to the keyness of the image, once the range of
contrast was selected the second evaluation was directed to establish which
cell size range gave the best reproduction.
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FOOTNOTES FOR CHAPTERVI
1 Bristow, J. and Johanson P.A. "Subjective Evaluation by Pair comparison:
Pitfalls to Avoid and Suggestions for the Presentation of Results". Advances in
Printing Science and Technology. Proceedings of the 17 th Int. Conf. on Printing
Research Institutes, Jun 1983. Ed. by W. Banks.
2 Carlsson G.E. "Some experience on the Subjective Evaluation ofQuality of
Blocks and Prints" TAGA proceedings, June 1959.
3 American Society for "Manual on Sensory TestingMethods". Testing and
Materials ASTM.
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CHAPTER VH
RESULTS
As it was described in Chapter VI, two different tests were carried out. The
first one was directed to characterize the tone reproduction curves that the
system offered, and also to establish the fluctuations in resolution when
changes on the variables were effective.
In this first case resolution and gray targets were used as originals,
samples of the reproduced targets can be seen on figs. 17 and 18, the description
of the settings selected for the reproduction of these targets can be found on
Table 3. For the second series of tests, actual images were used instead of
targets, the results of this part will be discussed later.
TABLE 3 Settings selected for the determination of tone reproduction curves
Scanning # Cell composition Contrast
1 8x8 -24%
2 8x8 no adj. (0%)
3 8x8 +16%
4 8x8 +28%
5 5x5 -24%
6 5x5 no adj.(0%)
7 3x3 -24%
8 3x3 no adj. (0%)
9 3x3 +28%
REPRODUCTION OF THE TARGETS
Density readings from the reproduced gray scales are listed in the Table 4 on
the next page. These values allowed to draw the tone reproduction curves of
figures 1, 2 and 3, each one for a different cell construction. The density of the
reproduction goes on the Y axis and the density of the original goes on the
horizontal one, as indicated on the graphs.
35
FIG. 17 Reproduction of a gray scale
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STEP
TABLE 4 Density readings of the reproduced gray scales.
DENS
> ORIG. DENSITY OF THE REPRODUCTIONS (numbered below)
l 2 3 4 5 6 7 8 9
1 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.10 0.15 0.00 0.00 0.00 0.18 0.00 0.23 0.00 0.00
4 0.15 0.22 0.00 0.00 0.00 0.31 0.00 0.35 0.00 0.00
5 0.19 0.32 0.14 0.00 0.00 0.38 0.12 0.42 0.00 0.00
6 0.25 0.39 0.30 0.00 0.00 0.41 0.24 0.47 0.33 0.00
7 0.31 0.45 0.37 0.03 0.00 0.49 0.34 0.49 0.38 0.00
8 0.36 0.56 0.42 0.25 0.00 0.58 0.38 0.49 0.48 0.00
9 0.40 0.64 0.47 0.34 0.00 0.56 0.48 0.58 0.49 0.00
10 0.45 0.70 0.57 0.38 0.18 0.57 0.54 0.63 0.49 0.18
11 0.50 0.75 0.59 0.42 0.28 0.64 0.61 0.69 0.57 0.29
12 0.56 0.79 0.64 0.46 0.34 0.74 0.67 0.69 0.57 0.36
13 0.60 0.83 0.73 0.56 0.41 0.85 0.76 0.81 0.66 0.42
14 0.65 0.87 0.72 0.63 0.45 0.86 0.82 0.85 0.70 0.47
15 0.71 0.97 0.77 0.69 0.54 0.97 0.85 0.83 0.74 0.47
16 0.77 1.01 0.87 0.75 0.64 1.08 0.90 0.87 0.84 0.48
17 0.82 1.01 0.91 0.82 0.70 1.08 0.96 0.87 0.84 0.58
18 0.89 1.02 0.92 0.85 0.78 1.12 1.02 1.00 0.84 0.59
19 0.94 1.14 1.07 0.93 0.84 1.15 1.03 1.19 0.84 0.66
20 1.01 1.22 1.15 0.94 0.96 1.26 1.10 1.30 0.84 0.73
21 1.07 1.30 1.18 1.06 1.00 1.30 1.20 1.30 0.84 0.80
22 1.13 1.30 1.30 1.18 1.15 1.30 1.30 1.30 0.98 0.85
23 1.22 1.30 1.30 1.25 1.20 1.30 1.30 1.30 1.13 0.85
24 1.33 1.30 1.30 1.30 1.25 1.30 1.30 1.30 1.30 1.01
25 1.46 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.20
26 1.60 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
27 1.79 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
28 1.98 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
29 2.26 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
30 2.56 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
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A new set of reproductions was made in order to find the existing
relationship between contrast and resolution. An 8"x8" RIT alphanumeric
target was used for this effect.
As the target contains 4 sections, each one with the same gradation in sizes
but with different images, a set of 4 readings was obtained per sample. The
maximum resolution point was chosen based in the legibility of the
characters, disregarding the visual noise in the background which is
generated in the halftone process. As replication of the reproductions was
done a range of values, instead of a single one, was obtained the ranges
corresponding to each cell composition are listed in table 5.
Cell compositions and the resolution readings obtained from these
scannings are listed in table 5, also listed there is the ideal resolution
obtained when assuming perfect transference of toner, with no interference of
charges, to the paper (in other words, when the resolution is equal to the
addressability).
Fig. 22 shows the corresponding curve for the values listed on Table 5.
TABLE 5 Resolution as a function ofcell size
Cell Resolution Calculated
Composition lin/mm lin/inch Res. lin/in
8x8 1.26-1.41 32.0-35.8 37.5
6x6 1.41-1.59 35.8-40.4 50.0
5x5 1.41-1.59 35.8-40.4 60.0
4x4 1.59 40.4-45.2 75.0
3x3 1.59-1.78 40.4-45.2 100.0
2x2 1.59-1.78 40.4-45.2 150.0
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Later, the relationship existing between contrast and resolution was
explored, a series of scannings of the RIT resolution target weremade under
different contrast settings, values obtained are listed in table 6 below:
Table 6 Correlation between gray levels and resolution.
CONTRAST RESOLUTION
lirt/inch lin/mm
-24% 1.59 40.4
-16% 1.59 40.4
-8% 1.59 40.4
+8% 1.59 40.4
+16% 1.41 35.8
+28% 1.59 40.4
Resolution vs Contrast
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REPRODUCTION OF IMAGES
Results obtained from the first set of tests permitted pointing out some
capabilities of the system. For the second set of tests, where three different
images were used, the evaluation of the results wasn't instrumental as in the
first part. The reproductions were analyzed by a panel of 12 judges, following
the methodology mentioned in chapter VI, and ranked accordingly with their
predilections.
A condensed result of their evaluations is included in Table 3; in this case
all data gathered was considered, including triads and the evaluation of two
judges that changed their evaluating criteria during the test.
Table 7a Values assigned by the judges during the first evaluation of image 1.
JUDGE 12 345678910U 12
PRINT
Al 3 0 2 2 4 2 0 4 2 2 1 4
Bl 2 1 2 2 2 1 1 0 0 1 0 1
ci 4 4 3 4 3 4 2 2 2 3 3 3
Dl 1 3 3 2 1 3 4 3 4 4 4 2
El 0 2 0 0 0 0 3 1 2 0 2 0
M 2 0 1 0 3 1 0 3 0 1 2 2
B2 2 1 2 2 1 1 1 2 1 2 1 4
C2 4 2 3 3 3 3 3 4 3 3 4 3
D2 2 4 4 4 3 4 3 1 4 4 3 1
E2 0 3 0 1 0 1 3 0 2 0 0
A3 1 0 1 1 2 1 0 2 0 0 1 3
B3 3 1 1 2 4 2 1 3 2 2 2 4
C3 4 2 1 4 3 4 2 4 4 4 4 2
D3 2 4 4 3 1 3 4 1 3 3 3 1
E3 0 3 3 0 0 0 3 0 1 1 0 0
A4 1 0 0 0 2 0 0 4 0 0 0 3
B4 3 1 1 3 3 1 1 3 1 1 2 4
C4 4 2 2 2 1 4 2 2 3 3 4 1
D4 2 4 4 4 4 3 4 1 4 4 3 2
E4 0 3 3 1 0 2 3 0 2 2 1 0
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Table 7b Values assigned by the judges during the first evaluation of image 2JUDGE 1 2 3 4 5 6 7 8 9 12 H i;
PRINT
Al 4 2 2 3 4 2 2 3 3 2 1 4
Bl 3 3 3 4 2 3 3 4 4 4 2 3
ci 2 4 4 2 3 4 4 2 2 3 3 2
Dl 1 1 1 1 1 1 1 1 1 1 4 1
El 0 0 0 0 0 0 0 0 0 0 0 0
A2 4 1 1 3 4 3 2 3 3 4 1 4
B2 3 3 3 4 3 4 3 4 4 3 2 3
C2 2 4 4 1 2 2 4 2 2 2 3 2
D2 1 2 2 2 1 1 1 1 1 1 4 1
E2 0 0 0 0 0 0 0 0 0 0 0 0
A3 4 3 2 4 4 3 3 2 3 3 1 4
B3 3 3 4 3 3 4 4 4 4 4 2 3
O 2 3 3 2 2 2 2 3 2 2 4 2
D3 1 1 1 1 1 1 1 1 1 1 3 1
E3 0 0 0 0 0 0 0 0 0 0 0 0
A4 4 2 2 3 4 3 2 3 3 4 4 4
B4 3 4 4 4 3 4 4 4 4 3 1 3
C4 2 3 3 2 2 2 3 2 2 2 2 2
D4 1 1 1 1 1 1 1 1 1 1 3 1
E4 0 0 0 0 0 0 0 0 0 0 0 0
TabZe 7c Values assigned by the judges during the first evaluation of image 3
TUDCE1 2 3 4 5 6 7 8 9 IS 11 12
PRINT
Al 4 3 4 3 3 3 2 3 1 2 1 3
Bl 2 4 3 4 4 4 4 4 4 3 2 4
a 1 2 2 2 2 2 3 2 3 4 4 2
Dl 3 1 1 1 1 1 1 1 2 1 3 1
El 0 0 0 0 0 0 0 0 0 0 0 0
A2 4 4 4 4 4 4 3 4 4 2 1 4
B2 3 3 3 3 3 3 4 3 3 4 2 3
a 2 1 2 2 2 2 2 1 2 3 3 2
D2 1 2 1 1 1 1 1 2 1 1 4 1
E2 0 0 0 0 0 0 0 0 0 0 0 0
A3 4 4 4 4 4 4 3 4 4 4 1 4
B3 3 3 3 3 3 3 4 3 3 3 2 3
O 2 2 2 2 2 2 2 1 2 2 4 2
D3 1 1 1 1 1 1 1 2 1 1 3 1
E3 0 0 0 0 0 0 0 0 0 0 0 0
A4 4 4 4 4 4 4 3 4 4 2 4 4
B4 3 3 3 3 3 3 4 3 3 4 1 3
C4 2 2 2 2 2 2 2 2 2 3 2 2
D4 1 1 1 1 1 1 1 1 1 1 3 1
E4 0 0 0 0 0 0 0 0 0 0 0 0
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Triads in the evaluation were located using the procedure outlined in
Table 8 (this sample corresponds to judge #1 with the first set of image 1)
TABLE 8 An example ofhow triads were calculated
PRINT ROW SUM (R) EXPECTED (R)-(E) [(RME)]2
Al 3 2 +1 1
Bl 2 2 0 0
CI 4 2 +2 4
Dl 1 2 -1 1
El 0 2 -2
TOTAL (T)
4
= 10
(E) Expected = (n-D/2 where n= number of prints= 5
and #ofTRIADS=l/2{[(n3-n)/12]-T} = l/2(Kl25-5)/12H0) = O
In this way, triads for all judges were computed, the values obtained for
the whole group are listed below:
TABLE 9 Triads present in the evaluations of the judges
Judge* 1 2 345678 9 10 11 12
Imagel Setl 1 1 * 1
Set 2 1 1 1 1 *
Set3 1
Set4
Image 2 Setl
Set2
Set3 1
Set4
Image3 Setl
Set2
Set3
Set4
Judges 5 and 8 changed their criteria during the evaluation of the first image.
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An important point to be noticed among the judges thatwere consistent, is
the existence of a bias for a determined contrast (either low or high) which is
constant through the evaluation of the image; so, if a histogram is drawn
showing their preferences a smooth curve will be obtained.
Preference curves were drawn for all judges and are included in appendix
C, besides a global histogram per image totalizing all the judgements that
have been obtained and is shown in fig. 24.
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FIG. 24 Preference curves for the images evaluated (first test)
Preference curves became important tools to evaluate the overall tendency
in the group, especially when it was required to establish the conditions for
the evaluation of the best reproduction among the sets (or the intersets test).
From fig. 24 it can be seen that the contrast settings preferred were D (+16%)
for image 1, B (-16%) for image 2, and A (-24%) for image 3.
A very important result in subjective evaluation known as the "agreement
between judges" was also calculated; in table 10 how the value was obtained
for the set #1 of the first image is demonstrated, values obtained for the
remaining sets are consigned in Table 11 (for this calculation only consistent
judges were considered).
Table 10 Calculation of the agreement index between judges
RANKINGS
JUDGES
PRINT
Al
Bl
CI
Dl
El
l
4
3
5
2
1
2 345 6 789
1 3 1
2 2 2
5 5 3
4 4 5
3 1 4
10
3
2
4
5
1
11
2
1
4
5
3
12 (T) X
5 19 21
2 14 21
4 30 21
3 28 21
1 14 21
(T-X)
-2
-7
9
7
-7
(T-X)**
4
49
81
49
49
Ranking =Value assigned by the judge+1
X= Total Average = Sum of all Totals/ Number of prints =
Coefficient of concordance= [12 S/Q2.P(P2-1)]] where : }
TOTAL=232
80/5 =16
=Number of judges
P=Number of prints and S = 2XT-X)2
Then, for this case, the coeff. of concordance is (12) (32)/[(49)(5)(24)]=47.3 %
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Table 11 Agreement values (%) for the first test with images (variation in contrast)
SET1 SET2 SET3 SET4
IMAGE 1 (girl) 47.3 56.7 61.1 48.4
IMAGE 2 (roof) 711 70.7 79.2 81.2
IMAGE 3 (mi.) 72.1 77.6 83.4 87.6
IMAGE 1 (C&D) 73 85.5 64.4 61.2
From Table 11 it can be seen that the agreement values among judges
obtained for images 2 and 3 are very satisfactory; however, the results
obtained for image 1 didn't reach those high values.
Taking into account the bias in preferences mentioned before and
visualized in fig. 24, if categories C and D are considered together the
agreement values obtained are much more satisfactory, these are displayed in
the last row of Table 11 as image 1 ( C&D).
Intersets Evaluation
The second test, which has been refered to as intersets evaluation, was carried
out with the same group of judges that evaluated the first part, their
assigned values are displayed in Table 12; here, triads have been also
highlighted.
As in the first evaluation, a global preference curve has been drawn based
in their selections and is displayed in fig. 25, the two highest ranked choices
created a preference area of settings.
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Table 22 Values assigned by judges during the second evaluation (Intersets)
JUDGES 1 2 3 4 5 6 7 8 9 10 11 12 TOTAL
PRINT
Dl 3 0 0 0 0 0 1 1 1 0 1 7
D2 1 2 1 2 2 2 2 2 1 2 2 19
D3 0 1 2 3 3 2 3 3 3 3 3 26
D4 2 3 3 1 1 2 0 0 1 1 0 14
Bl 1 1 3 1 1 1 1 1 0 1 1 12
B2 0 0 0 0 0 1 0 0 1 0 0 2
B3 2 2 1 2 3 1 2 2 2 3 2 22
B4 3 3 2 3 2 3 3 3 3 2 3 30
Al 0 0 0 0 0 0 0 0 0 0 0 0
A2 3 2 3 3 3 2 3 3 3 1 3 29
A3 2 3 2 2 1 2 1 1 1 2 2 19
A4 1 1 1 1 2 2 2 2 2 3 1 18
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FIG. 25a Preference curves for the intersets evaluation
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Table 13 Overall rankings and calculations to obtain the agreement coefficient (Intersets)
JUDG. 1 2 3 4 5 6 7 8 9 10 11 12 (T) (X) A A*
PRINT
Dl 4 1 1 1 1 2 2 1 2 15 22.5 7.5 56.25
D2 2 3 2 3 3 3 3 3 3 25 22.5 2.5 6.25
D3 1 2 3 4 4 4 4 4 4 30 22.5 75 56.25
D4 3 4 4 2 2 1 1 2 1 20 22.5 15 6.25
Bl 2 2 4 2 2 2 2 2 2 2 21 25 4 16
B2 1 1 1 1 1 1 1 1 1 1 11 25 14 196
B3 3 3 2 3 4 3 3 3 4 3 31 25 6 36
B4 4 4 3 4 3 4 4 4 3 4 37 25 12 144
Al 1 1 1 1 1 1 1 1 1 1 10 25 15 225
A2 4 3 4 4 4 4 4 4 2 4 37 25 12 144
A3 3 4 3 3 2 2 2 2 3 3 27 25 2 4
A4 2 2 2 2 3 3 3 3 4 2 26 25 1 1
Calculated coefficient of agreement from values for Table 13 were: 30.8%
for Image 1, 78.4% for Image 2 and 74.8% for Image 3.
Once again, the agreement coefficient obtained for the Image 1 is very low
in comparison with the other two results. Considering the two highest ranked
categories from the preference curves (D2 and D3) the value of the agreement
coefficient improves to 40.1%.
Table 14 Agreement coeffiecient variables when considering D2 and D3 as one
category (Intersets)
TOTAL (T) 00 (T-X) (T-X)
Dl 15 115 75 56.25
D2+D3 55 45 10 100
D4 20 225 25
TOTAL
6.25
162.5
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CHAPTER VHI
ANALYSIS OF THE RESULTS AND CONCLUSIONS
The results from the tests carried out for this research have allowed
definition of the characteristics of this specific reproduction system.
The hypothesis formulated in chapter VI was correct: There is definitely
a range of conditions in a DTP environment which when applied lead to the
best reproductions, these results are stated in table 16 ; from the viewpoint of
the statistical significance, the results encountered have a significance of at
least 0.95 as can be seen on appendix D.
To answer the research questions formulated when the statement of the
problem was made, the influence of the variables in the reproduction are
described as follows:
CONTRAST. Positive increments in contrast settings become parallel
shiftings of the overall tone reproduction curve, virtually independent of any
other variable, as it can be noticed in figs. 19, 20 and 21. In this case a change
in contrast for high key images becomes more a highlight placement tool
than an effective contrast change, as the slopes of the tone reproduction curves
remain almost the same in the low density areas; in the case of low key
original it can be said that the contrast setting is more effective, because
positive changes in contrast allowed gradations in density in virtually flat
areas, located in the high density values. It can be concluded that, changes in
contrast generate changes in the tonal distribution of the image, either
increasing lighter tones or giving greater contrast in the shadows.
With these first results it was possible to predict that for images with
high content of information in the low density values, contrast settings
selected would be located in the low end, where the highlight placement had
the lower values; and also for low key images, where the information is
located in the high density values, higher settings in contrast would be
preferred, as it was obtained from the subjective evaluations ( see table 15).
Table 15. First two ranked contrast settings according to the keyness of the image.
(A= -24%, B= -16%, C= 0%, D= +16%, E=+28%)
IMAGE l(low key) IMAGE 2 (high key) IMAGE 3 (normal key)
SET#:NxN first second first second first second
Set 1: 8x8 D C B C B A
Set 2: 6x6 D C B A A B
Set 3: 5x5 C D B A A B
qpt 4- 4x4 n r B A A B
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CELL SIZE. One of the most revealing results obtained here was the small
change in resolution when changes in cell size were effective, as plotted in fig.
22. This indicates that the interrelation between toner particles and paper
surface have definitely more influence on the final resolution than changes in
the addressability .
From the viewpoint of the pleasantness of the image, changes in cell size
meant only variations in the amount of contouring present in the image , so
the specific nature (or content) of the image was vital in the selection of the
best setting.
KEYNESS OF THE IMAGE. The fact that the distribution of density in the
image was either leaning to the low density values ( high and normal key) or
to the high density values (low key images) determined basically the
contrast setting, as it was explained before and shown in table 15.
NATURE OF THE LMAGE (SCENE CHARACTERISTICS). It can be stated
that similar to color reproduction, in black and white there exist "memory
images", when the subjective judgement is more critical. In this study when
the images involved humans, the tonal configuration of the face became the
main point of interest in the judgement, and the decision in this case was based
on the cell configuration that provided the least contouring effect in this area.
When an inanimate image (roof) was presented to the judges, the decision
process was faster and more
"artistically" based; in this case, contouring
wasn't undesirable as it added an abstract effect to the image.
Then, this variable needs to be incorporated when a selection of conditions is
required, table 16 lists the settings recommended according to the keyness and
nature of the image.
Table 16 Range of settings recommended for DTP reproductions, according to the original
MEMORY
IMAGES
LOW KEY (1)
CONTRAST D-C
+16% to 0%
CELL SIZE 5x5 to 6x6
HIGH KEY (2)
B-A
-16% to -24%
5x5 to 6x6
NORMAL KEY (3)
B-A
-16% to -24%
5x5 to 6x6
UNANIMATED
OBJECTS
CONTRAST
CELL SIZE
D-C
+16% to 0%
4X4 to 5X5
B-A
-16% to -24%
4x4 to 5x5
B-A
-16% to -24%
4x4 to 5x5
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From the viewpoint of the system used to rank qualitatively images, the
pair comparison system proved again to be reliable, easily carried out, and
lead to high significance in the results obtained.
THE IMPORTANCE OF THE AMOUNT OF LNFORMATION
The real resolution of the images produced remained quite constant in a
certain range (fig. 23), then according to equation [11], theoretically the
amount of information didn't change.
However, it was noticed that when selecting higher values of contrast, the
information content of the image effectively changed, specially for high and
normal key originals where information in the low density values was lost
and gained in the high end. This factor hasn't been involved yet in the
information theory. This theory considers that the distribution of
information in every gray level is uniform, unfortunately this is a non-valid
assumption because of the behavior of the human eye, which gives more
importance to certain gray levels when evaluating the message in an image.
An upgrade of the information theory for images is required, it should
include a normalized function of the relative importance of information
according to the gray level or the density, which is a characteristic of a
human observer.
SUGGESTIONS FOR FUTURE WORK
As it was explained before, the mathematical description of the information
content needs to be improved, a new formula using the observer and
reproduction factors should be proved, using a subjective approach of image
evaluation similar to the one used here. It would be possible then to establish
a relationship between quality, information content and the nature of the
image.
Another important survey in image evaluation to be done is one related to
the definition of the common characteristics of black and white memory
images.
Evaluation of reproductions obtained from other output devices different
that the LaserWriter is necessary, as it was pointed out, the real resolution of
the system with a LaserWriter output is almost fixed.
Practically speaking, in terms of hardware improvement, the set of
conditions obtained here could be used to
"autoprogram" the DTP scanner to
make the operation easier and obtain the best reproduction that the system is
capable of producing.
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A flow diagram of how that operation could be done, is shown below.
READ IMAGE >
MAKE HISTOGRAM OF
DENSITY DISTRIBUTIOlt
Low key Normal Key
High key
Send info, of image to buffer or
output
Fig. 26 A simplified flow diagram for an autosetting operation of a DTP scanner
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APPENDIX A
SOME SPECIFICATIONS OF THE MYCROTEK MS-300A SCANNER
Resolution:
Scaling:
ScanningModes:
Scanning Area:
300 x 300 dpi ( 12dots/mm).
25% to 100% in 5% increments (on X and Y axis).
Line art, halftone and mixed.
Maximum 8 1/2" (W) x 14" (L).
Location and size of scanned area software-
definable.
Adjustable in fourteen steps.
Adjustable in fourteen steps.
9.9 seconds for an 8 1/2" x 11" document.
CCITT T.4-based 1-D algorithm (modified
Huffman code).
Maximum 8 1/2" (W) x 14" (L) (Software
programmable).
Maximum 0.012 " (0.3 mm)
Roller feed with single-sheet paper feed guide.
TTL-compatible parallel interface.
RS-232-C/RS-422 serial interface.
14.96"
x
4.57" xl7.32"( 380 x 116 x 440 mms)
19 lbs. (8.6 kgs.)
Voltage: 110/120 V or 220/ 240 V AC
Frequency: 50-60Hz
Power consumption: 60W
Environmental Requirements: Operating temperature: 50 to 104 F
Storage Temperature: 14 to 140 F
Relative Humidity :20 % to 80 %
Contrast Setting:
Brightness Setting:
Scanning Speed:
Data Compression:
Document Size:
Document Thickness:
Document feedMethod:
Interface:
Dimensions (W x H x D )
Weight:
Power requirements:
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APPENDIX B
INSTRUCTION LETTER TO THE JUDGES
Dear Judge:
Thank you for volunteering to help with this image evaluation project.
Your knowledge and experience in evaluating the quality of printed images
will be most hepful.
You will be asked to evaluate three different images. For each one, you will
receive 4 sets, each set with 5 different reproductions.
We'll begin with the set marked with the suffix 1. 1 will select random pairs
of samples for you and hand them to you for your evaluation. Give an award
of 1 point to that reproduction in the pair that you like the most, the other one
in this case will receive 0 points. No ties are permitted so neccesarily there
should be a "winner".
We'll go through all the combinations of pairs possible in the set; when
finished with all possible pairs in the first set you will receive the second set
an so on
I deeply appreciate your cooperation.
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Table 17 Grading sheet for the first evaluation
GRADLNG SHEET
SET1 SET 2 SET 3 SET 4
A1__B1_ A2_B2 A3__B3__ A4 B4
A1__C1_ A2_C2 A3__C3_ A4__C4
A1_D1_ A2_D2 A3 D3 A4 D4_
A1_E1_ A2_E2_ A3_E3_ A4__E4
IMAGE 1 B1_C1_ B2_C2__ B3__C3__ B4 C4
B1_D1_ B2_D2__ B3 D3 B4 D4
B1_E1_ B2_E2 B3_E3_ B4 E4
C1_D1_ C2_D2__ C3 D3 C4 D4
C1_E1_ C2_E2_ C3_E3 C4 E4
D1__E1_ D2_E2_ D3_E3_ D4_E4
A1_B1_ A2_B2_ A3_B3 A4 B4
Ai_a_ A2_C2 A3_C3_ A4_C4
A1_D1_ A2_D2 A3 D3 A4 D4
A1_E1_ A2_E2_ A3_E3_ A4 E4
IMAGE 2 B1_C1_ B2_C2_ B3_C3_ B4_C4__
B1_D1_ B2_D2_ B3_D3_ B4 D4
B1_E1_ B2_E2__ B3__E3__ B4__E4
C1_D1_ C2_D2__ C3_D3 C4 D4_
C1_E1_ C2_E2__ C3_E3 C4__E4
Dl El D2 E2 D3 E3 D4 E4
A1_B1_ A2_B2__ A3_B3__ A4 B4
Ai_a_ A2_C2 A3__C3__ A4__C4
A1_D1_ A2_D2 A3 D3 A4 D4
A1_E1_ A2_E2_ A3__E3_ A4 E4
IMAGE 3 B1_0_ B2_C2_ B3__C3_ B4_C4_
B1_D1_ B2_D2_ B3 D3 B4 D4
B1_E1_ B2_E2__ B3_E3_ B4__E4
C1_D1_ C2_D2_ C3_D3 C4 D4_
C1_E1_ C2_E2__ C3_E3 C4__E4
Dl El_ D2_E2__ D3_E3_ D*_E4_
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Table 18 Grading sheet for the Intersets evaluation.
INTERSETS EVALUATION
Dl D2
Dl
Dl
D3
Dl
D2
D2
D3
D4
D3 D4
Bl B2
Bl B3
Bl B4
B2 B3
B2 B4
B3 B4
Al A2
Al A3
Al A4
A2 A3
A2 A4
A3 A4
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PREFERENCE CURVES FOR THE FIRST TEST
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Fig. 27. Preference curves for the first test.
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APPENDIX D
SIGNIFICANCE OF THE RESULTS
Basically what a test of significance shows is the probability that the same
results obtained from the test could be obtained by chance, if all the
preferences were allotted at random.
In this case the analysis of significance was carried out for the results
obtained in the subjective evaluation of the first image, which was the one
that showed the lowest agreement coefficient, to make the calculation even
more restricted all triads and inconsistencies were included.
The methodology for the calculations shown below was taken from:
Kendall, Maurice "Rank Correlation Methods", chapter 11: Paired
comparisons, pp. 145-154.
Table 19 Preference values tabulated for significance calculation.
A B C D E
A 5 1 2 4
B 2 - 0 1 4
C 6 7 4 6
D 5 6 3 7
E 2 4 1 0
Ix2=180(Sumofthe squares of the values in the lower half of the table)
Lx=( Sum of all the values in the lower half of the table)
A variable called Sum (S) is calculated as follows:
m
S=Ix2-m(Sx)+( 2 )( 2 )
in this case S=138
eq. [12]
where m: number of judges
n: diff . images
m
and : \ 2 ) = number of different
permutations or possibilities = m(m-l)/2
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The Kendall's coefficient of agreement is calculated with eq. [13]
u= ~ 1 eq.[13]
n(n-l)/2
u =0.314
Two other variables X2 (distribution) and V ( degrees of freedom) are
calculated using equations [14] and [15]
m n
*- *{S-1 (2) (2 ) m_i_ } ,.[]
m-2 2 m-2
m
-(,)V= V 2 " m (m-1)
(m-2)2
eq. [15]
Variables X2 and V allowed the calculation of a new value called deviate
as [(2X2)-(2V-1)F/2 = 60.4 . The probability associated with this deviated
was found in table 20 ( for normal distribution), in this case the probability of
obtaining the same results observed in table 20 is less than 0.05, which is the
same as saying that the values obtained have a significance over 0.95.
It can be concluded that the results obtained in the subjective evaluation
have at least a significance value of 0.95.
Table 20 Probability associated with a deviate value.
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Areas under the Normal Curve (Probability Function of th_
Normal Distribution)
The table shows the area of the curve y - e-l* lying to the left
of specified deviates x ; e.g. the area corresponding to a deviate 1-86(-15 + 0 36) is 0 9686.
Drvlate 0- + 0 5 + 1-0 + 1-8 + 8-0 + 2-5 + 80 + 39 +
<HX) 5000 691 5 8413 9332 0772 0*379 0*865 0*77
001 5010 6950 8438 9345 9778 0>396 0*809 0*78
0 02 50S0 6985 8461 9357 0783 9*413 0*874 0*78
0-03 5120 7010 8485 9370 9788 9'430 9*878 079
0 01 5100 7054 8303 0382 0793 9'440 0*882 9*80
0 05 5199 70S8 8531 9804 9798 9*461 0'886 9*81
0-08 5239 7128 8554 9406 9803 9*477 0'889 0*81
0 07 5279 7157 8577 9418 9808 9*492 0*893 0*82
0 08 6319 7190 8599 9429 9812 9*508 0*897 0*83
009 5359 7224 8621 0441 9817 9*520 9*900 0*83
010 5898 7257 8843 9452 9821 9*534 0*03 0*84
Oil 5438 7291 8665 9463 9826 9*547 0*06 9*85
012 5478 7324 8(188 9474 9830 9*500 0*10 9*85
013 5517 7337 8708 9484 9834 9*573 0*13 9*86
Oil 5557 7389 8729 9405 9838 9*585 0*16 9*88
01.5 5590 7422 8749 9505 9842 9*308 0*18 9*87
010 5830 7454 8770 9515 9846 9*009 0*21 9 '87
0 17 5675 7488 8700 9523 0850 0*021 02t 9 '88
018 5714 7517 -8810 9535 9854 0*832 0*26 0*88
0 10 5753 7549 8830 9543 9857 0*043 o2e 9*89
0 20 5793 75S0 8849 9554 9861 9'83 0*31 9*89
021 5832 7011 8869 9564 9884 9*004 0*34 9*90
022 5871 7642 8888 9373 9808 9*074 0'36 90O
023 5910 7073 8G07 95S2 9871 9*083 0*38 0*04
0 24 5948 7704 8925 9591 9875 9 '603 0*40 908
023 5987 7738 8941 9509 0378 0702 9*42 9*12
028 6020 7704 8062 9C03 9881 0711 0*44 9*15
027 e064 7794 8080 0016 9884 0*720 9*46 0U8
028 6103 7823 8997 9023 9887 0*728 0*48 622
029 6141 7852 0015 9033 0800. 0*736 0*50 0*25
030 6179 7881 9032 0841 0893 0*744 0*52 9'28
031 6217 7910 9049 0840 9896 0*752 0*53 0*31
0 32 6255 7930 9000 9656 0898 0*700 9*55 033
033 6293 7067 0082 0604 9901 0*707 0*57 0*86
034 6831 7995 9099 9871 9904 0*774 0*58 0*39
0 35 6308 6023 0115 0878 0906 0*781 060 0*41
030 6408 8051 9131 0886 0000 0*788 0*01 0*43
0 87 6443 8078 0147 9093 0911 0*795 0*82 0*40
038 6480 8100 0162 9690 0018 0*801 0*84 0*48
039 6517 8183 0177 9706 9916 9*807 0'65 0450
0 40 6554 8159 0102 0718 0918 0'813 0*08 0*52
041 6591 8186 9207 0710 9920 0*819 0*88 0*54
042 6628 8212 9222 0726 9922 0*825 0*60 0*58
043 6084 8238 0236 0732 0925 0*831 070 0*58
0 44 8700 6204 0231 0738 9927 0*836 071 0430
045 0736 8289 0265 9744 0929 0*841 0*72 0*61
0-46 6772 8315 9270 9750 0931 0*846 073 0*63
047 8808 8340 0292 9758 9932 0*851 0*74 064
0 48 6844 8365 0306 0761 9934 0'856 0*75 0*68
049 6879 8389 0810 0767 0036 0*881 one 067
Note. Decimal point* in the body of the table are omitted. Repeated O'i are
indicated by power*, e.g. 0*71 it_n_i for 0 90071.
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APPENDIX E
80
APPENDIX E
BEST REPRODUCTIONS SELECTED
81
"TfW-'Tiy; ""7""*"-*
Fig. 28 Girl, cell size 5 x5, contrast -16%
82
Fig. 29 Roof, cell size 4x4, contrast -16%
83
Fig. 30 Mr, cell size 6x6 , contrast -24%.
